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Substantial autosyndesis in the two F1 hybrids obtained by crossing Triticum turgidum var. group durum Morris & 
Sears with Thinopyrum distichum (fhunb.) Love and Th. junceiforme (Love & Love) Love resulted in mean meiotic 
configurations of 14,121; 4,8"; 0,38111 and 0,751V in the pollen mother cells (PMC's) of the first hybrid, and 14,421; 4,82"; 
0,12 111 and 0, 191v in those of the second hybrid. These and other observations demonstrated that both the above 
tetraploid (2n = 28) Thinopyrum speCies are segmental allopolyploids. The two intrageneric crosses of Th. distichum 
with Th. elongatum (Host) D.R. Dewey and Th. junceiforme provided the first direct cytological evidence linking the 
genomes of Th. distichum with the J genome, thus proving that this southern hemisphere species indeed belongs to 
the same genus as northern hemisphere species such as Th. elongatum and Th. junceiforme. The J91 genome of Th. 
elongatum appears to be as closely related to the two genomes of Th. distichum as it is to the genomes of Th. 
scirpeum (K. Presl) D.R. Dewey and Th. junceiforme, producing mean meiotic configurations of 2,91 1; 4,36"; 2,96111 
and 0, 121v in the PMC's of their triploid hybrid. On these grounds it is recommended that the two genomes of Th. 
distichum be designated Jd 1 and Jd 2. The latter genomes appeared to be less closely related to the J 1 and J2 genomes 
of Th. junceiforme than to J91. New amphiploids were synthesized by treating the F1 hybrids with colchicine. Fertile 
partial amphiploids (AABBJd1Jd2) were obtained by back-crossing the T durumlTh. distichum amphiploids to T 
durum. By applying the pivotal genome concept at the polyploid level the feasibility of producing new recombined 
genomes from the Jd1, Jd2 and J91 genomes was demonstrated. 
Outosindese in die twee F,-hibriede wat verkry is deur Triticum turgidum L. var. groep durum Morris & Sears met 
Thinopyrum distichum (fhunb.) Love en Th. junceiforme (Love & Love) Love te kruis, het gemiddeld 14,121; 4,8"; 0,38111 
en 0,751V in die mikrosporosietevan dieeerste hibried totgevolg gehad, en 14,421; 4,82"; 0,12 111 en 0, 191v in die van die 
tweede. Hierdie waarnemings dui op segmentallopoliploidie in beide bogenoemde tetrapio"iede (2n = 28) Thinopy-
rum-soorte. Die twee intrageneriese kruisings van Th. distichum met Th. elongatum (Host) D.R. Dewey en Th. jun-
ceiforme het die eerste direkte sitologiese getuienis verskaf dat die genome van Th. distichum J-genome is. 
Sodoende is bevestig dat die inheemse soort, Th. distichum, aan dieselfde genus behoort as soorte soos Th. el-
ongatum en Th. junceiforme wat in die noordelike halfrond voorkom. Die J91-genoom van Th. elongatum is bykans 
net so naverwant aan die twee genome van Th. distichum as aan die genome van Th. scirpeum (K. Presl) D. R. Dewey 
en Th. junceiforme, aangesien die tripio"iede hibried van eersgenoemde twee soorte se mikrosporosiete gemiddeld 
2,91 1; 4,36"; 2,96111 en 0, 12'v gehad het. Op grond van hierdie bevindings word aanbeveel dat die twee genome van Th. 
distichumJd 1 en Jd2 genoem word. Laasgenoemde genome blyk naderverwantte wees aan die J9,-genoom as aan 
die J1- en J2-genome van Th. junceiforme. Nuwe amfipio"iede is ontwikkel deur die F1-hibriede met kolchisine te 
behandel. Vrugbare gedeeltelike amfiploiede (AABBJd,Jd2) is verkry deur die T durumffh. distichum-amfipio"iede 
met T durum terug te kruis. Die toepassing van die spilgenoomkonsep op die poliplol·ede vlak het dit moontlik 
gemaak om nuwe rekombinante genome uit die Jd1-, Jdr en J9,-genome te ontwikkel. 
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Introduction 
Well over 100 perennial species of the Poaceae tribe Tri-
ticeae with one spikelet per node used to be included in the 
very complex, heterogeneous and artificial genus Agropy-
ron P. Beauvois (Cauderon 1966, 1979; Dewey 1984). The 
wealth of biosystematic information that was generated by 
hybridization experiments, genomic analyses and other 
cytogenetic investigations, resulted in the introduction of 
new classification systems that· reflect the phylogeny and 
biological relationships of these taxa. The most recent 
treatments of the perennial Triticeae by Love (1982, 1984) 
and Dewey (1984), are based on genomic relationships. 
and Y designate unspecified genomes of unknown origin; 
the approximate number of species in each genus is given in 
brackets. (Unfortunately the use of H for the genome of 
Critesion and S for the genome of Pseudoroegneria intro-
duces a conflict with H for Hordeum and S for the Sitopsis 
group of Aegilops species in the scientific literature). 
According to Dewey (1984) all species possessing ge-
nomes other than P should be excluded from Agropyron. 
This resulted in the reduction of Agropyron from the tradi-
tionallarge genus to one with no more than 10 species and 
19 subspecies. He furthermore concurred with Love (1982) 
in classifying the other perennial Triticeae into the follow-
ing genera according to the genome(s) they possess: 
Critesion H (30), Psathyrostachys N (10), Pseudoroegneria 
S (15), Thinopyrum J (20), Elytrigia SX (5), Leymus IN 
(30), Elymus SHY (150) , and Pascopyron SHJN (1) - X 
Thinopyrum (derived from the Greek words meaning 
'shore' and 'wheat') was erected as a new genus in 1980 by 
Love, distinct from Agropyron to which its species tradi-
tionally belonged. It is based on the J genome (Love 1982). 
The type species, Th. junceum, is hexaploid, (2n = 42). 
Love (1980) only transferred the six species of the former 
Agropyron junceum (L.) P. Beauvois complex to Thino-
pyrum, but Dewey (1984) on genomic grounds also inclu-
ded the species of Lophopyrum (sensu Love) and part of 
Elytrigia (sensu Love), thus expanding it to about 20 
species. 
Thinopyrum, according to Dewey (1984) and Hsiao et al. 
(1986), includes two diploid species, nine segmental allote-
traploids, eight segmental allohexaploids, two complex 
segmental octoploids, and a complex decaploid. He classi-
fied them into the following three species complexes, each 
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with sectional status (chromosome numbers and present 
genome designations are given in brackets). 
The section Thinopyrum includes the species of the Thi-
nopyrum junceum complex, e.g. Th. bessarabicum (Savul 
& Rayss) Love (2n = ]4; EJEJ, Dvorak 1981; JJ, Wang 
1985; 1111> Moustakas et al. 1986), Th. distichum (Thunb.) 
Love (2n = 28; Ed)EdIEd2Ed2, Pienaar 1983), Th. juncei-
forme (Love & Love) Love (2n = 28; 11111212, Ostergren 
1940a; PPEbEb, Dvorak 1981), Th. junceum (L.) Love 
(2n = 42; l1J11212E3E3, Cauderon 1979; 1)1112121313, Mou-
stakas et al. 1986) and Th. runemarkii Love (2n = 56; 
1(1)1(1)14141(4)1(4)1616, Heneen 1977; Moustakas et al. 1986). 
They are maritime grasses and all but one grow on the 
shores of the Baltic Sea, Mediterranean Sea and North Sea. 
The exception, Th. distichum, is native to the shores of the 
eastern, southern, and south-western Cape of Good Hope, 
South Africa. Usually the species of this section are rhizo-
matous, their spikes have a fragile rachis, and they are 
mostly self-fertilizing. 
The section Lophopyrum consists of the species of the 
Thinopyrum elongatum complex, e.g. Th. elongatum 
(Host) D.R. Dewey (2n = 14; EE, Dvorak 1981; Love 
1982; l e1e , Wang 1985), Th. curvifolium (Lange) D.R. 
Dewey (2n = 42; EIEIE2E2N IN I, Cauderon 1979, and 
Th. podperae (Nabelek) D.R. Dewey (2n = 42). They 
are adapted to the more favourable inland sites of Europe, 
the Middle East and central Asia. These grasses are usually 
rhizomatous and cross-pollinating. The subspecific classi-
fication proposed by Tzvelev (1976), for Agropyron in-
termedium was accepted by Dewey (1984) for Th. inter-
medium. 
The third section, Trichophorae, is composed of the 
species of the Thinopyrum intermedium complex. The 
most well known are Th. gentryi (Melderis) D.R. Dewey 
(2n = 42), Th. intermedium (Host) Barkworth & D.R. 
Dewey (2n = 42; E1EIE2E2NINI, Cauderon 1979), and Th. 
podperae (Nabelek) D.R. Dewey (2n = 42). They are 
adapted to the more favourable inland sites of Europe, the 
Middle East and central Asia. These grasses are usually 
rhizomatous and cross-pollinating. The subspecific classi-
fication proposed by Tzvelev (1976), for Agropyron inter-
medium was accepted by Dewey (1984) for Th. inter-
medium. 
The relationship between the E and 1 genomes in the 
above description of the three Thinopyrum sections, was 
partially resolved by Dewey (1984) on the grounds of the 
observations of Cauderon & Saigne (1961) in the triploids 
obtained by crossing the tetraploid species, Thinopyrum 
junceiforme (1 1111212) with Lophopyrum elongatum (Host) 
Love (the diploid type species of the genus Lophopyrum 
Love, which in the taxonomic treatment of Love (1982) is 
based on the E genome). These triploid hybrids averaged 
2,76111 per pollen mother cell (PMC), with a maximum of 
7111 per cell. Dewey (1984) regarded this observation as suf-
ficient evidence to conclude that the 1 and E genomes are so 
closely related that they should be considered variations of 
the same genome. Dvorak (1981) favoured combining the 
symbols of the 1 and E genomes under the letter E, but 1 is 
the older of the two genome designations having been ap-
plied earlier by Ostergren to designate the two genomes of 
Th. junceiforme, 11 and 12, and should therefore be given 
preference according to Dewey (1984). When Wang (1985) 
found that the diploid hybrid between Th. bessarabicum 
S.-Afr. Tydskr. Plantk., 1988, 54(6) 
and L. elongatum averaged 2,681; 4,6811 ; 0,27111 ; 0,271V and 
0,01 v per PMC with a maximum of 7Il per cell, he likewise 
regarded the E and 1 genomes sufficiently related to change 
the E genome designation of L. elongatum to 1e , and sup-
ported Dewey (1984) in transferring the latter species to the 
genus Thinopyrum. However, diploid hybrids are unsuit-
able for genomic analysis (Kimber & Feldman 1987). 
Moustakas et al. (1986) considered the 1 genome of 
Thinopyrum bessarabicum to be identical to one of the two 
genomes of Th. junceiforme. According to Dvorak (198]) 
and McGuire (1984) Th. scirpeum is a segmental allotetra-
ploid , but Charpentier et al. (1986) believed it to be an 
autotetraploid with genomes homologous to the Th. 
elongatum genome. McGuire (1984) found that the triploid 
hybrid between Th. curvifolium and Th. bessarabicum 
averaged 2,64111 per PMC, which he believed indicated a 
close relationship between its three genomes. He also ob-
served that the genome affinity in the triploid hybrid be-
tween Th. scirpeum and Th. bessarabicum was not as good 
as in the previous hybrid since it averaged only 1,47111 per 
PMC. The tetraploid hybrid which McGuire (1984) ob-
tained by crossing Th. junceiforme with Th. curvifolium 
averaged 2,931V per PMC and led him to conclude that the 
involved four genomes are closely related. Pienaar (1981, 
1983) suggested that Th. distichum is a segmental allo-
tetraploid with two similar genomes of unknown origin 
which are unlike those of wheat and capable of consider-
able autosyndetic pairing in hybrids with the wheats, Tri-
ticum turgidum L. var. group durum Morris & Sears 
(abbreviated below to T. durum) and T. aestivum L. em 
Theil var. group aestivum Morris & Sears (abbreviated 
below to T. aestivum). 
It is evident from the above. findings that much needs to 
be done to clarify the genomic relationships in Thinopyrum 
and to define the type of ploidy present in the polyploid 
species of this genus. This is important, because of all pe-
rennial Triticeae, the species of Thinopyrum have been the 
most widely used by wheat breeders (Dewey 1984). 
The purpose of the present investigation was to deter-
mine the genomic relationships between Thinopyrum 
elongatum, Th. distichum and Th. junceiforme, as well as 
the polyploid nature of the latter two tetraploids. The no-
menclature of Dewey (1984) will be used for the various 
taxa of the perennial Triticeae discussed in this paper. 
Materials and Methods 
Thinopyrum distichum plants growing in the zone of con-
stant salt spray on beach dunes, were collected near East 
London, Gordons Bay, Betty's Bay, and the Strand, Cape 
Province, South Africa, and grown in sand-filled pots in a 
greenhouse. Seeds of Th. elongatum (CS-5-71, originally 
from France) and Th. junceiforme (PI414667, originally 
from Greece) were obtained from Dr D.R. Dewey, Crops 
Research Laboratory, Logan Utah, U.S.A., and grown as 
described above. Controlled crosses were made between 
the above accessions. They were also used in crosses with 
various Triticum durum cuitivars, and in back-crosses with 
the resulting amphiploids to produce back-cross hybrids 
(BC1F1) or partial amphiploids. 
The partial amphiploid T. durumlTh. distichumllT. 
durum [the system presently used by most wheat breeding 
organizations to designate their hybrids will be used here; 
see also CIMMYT's directives in this regard, viz., 1= first 
S. Afr. J. Bot., 1988,54(6) 
cross, II = second cross, 131 = third cross, etc. (Brajcich et 
al. 1986)] was crossed with the T. durumlTh. elongatum 
amphiploids obtained from Dr B.C. Jenkins, Salinas, Ca-
lifornia, U.S.A. Vouchers of the above material will be de-
posited in the herbarium of the Department of Botany, Un-
iversity of Stellenbosch. 
Viable kernels developed in crosses no. 1,8,9 and 10 in 
Table 1, but the embryos produced by crosses no. 2 to 7 had 
to be rescued from their endosperm less seeds by excision 
under sterile conditions 16 to 20 days after pollination, and 
cultured for a few weeks on Difco Orchid Agar medium 
(29 g 1-1) fortified with sucrose (2,8 g 1-1) at pH 6,5 (accord-
ing to Rommel 1958). Plantlets at the three-leaf stage were 
transplanted into pots in a growth chamber and covered 
with a plastic bag for 2 to 3 days to prevent desiccation and 
wilting. The pots were transferred to a greenhouse after 10 
days. When the plants began to tiller they were cloned, and 
some were amphiploidized with colchicine following the 
procedure of Pienaar (1981). 
Chromosome counts in the root-tips were made follow-
ing a 30-h cold (1°C) pre-treatment of the cut roots 
(10 mm) in distilled water, fixation in a 4:1 methanol-
propionic acid solution for 24 h, a 30-min rinse in distilled 
water, a 6,5-min hydrolysis in N HCI at 60°C, 1 to 2 h in 
leukobasic-fuchsin or Feulgen stain (made according to 
Darlington & La Cour 1960) at 21°C, two distilled water 
rinses, a IS-min treatment at 37°C in a sodium acetate buf-
fer solution at pH 4,5 containing 5% pectinase and 1 % pep-
tone, mild tapping of the meristematic tip in a drop of 1 % 
acetocarmine on a slide, gentle squashing under a cover-
glass, warming over a spirit flame for a few seconds, and 
further squashing. 
Young spikes at the stage of meiosis were fixed in Car-
noy's 6:3: 1 fixative for a few days and stored in 70% ethanol 
at 4°C. Anthers at metaphase I were stained by the 
Feulgen procedure above, gently tapped in 1% aceto-car-
mine and squashed under albuminized cover-glasses. The 
cover-glasses were floated off in 45% acetic acid and passed 
through a solution consisting of one part 45% acetic acid 
and one part tertiary butyl alcohol, followed by two 
changes of tertiary butyl alcohol for 5 min in each, and then 
mounted in Canada Balsam on the slides. 
All microscopic observations were made with a Zeiss mi-
croscope equipped with a 100 x Neofluar 1,3 NA objective 
and 12,5 x KPI eye pieces. 
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Results 
The results of the various crosses are given in Table 1. One 
viable kernel was produced when Thinopyrum distichum 
was crossed with Th. elongatum. It developed into a 
vigorous perennial plant with 2n = 21, and was readily 
cloned. This hybrid was completely sterile. After colchicine 
treatment, a few of the cloned plants produced fertile sec-
tors (C1) which gave rise to 13 kernels. Ten of these germ-
inated to give six second generation amphiploids (Cz) with 
42 chromosomes, three with 41 chromosomes and one with 
43 chromosomes. This indicated that some meiotic inst-
ability occurred in the C1 amphiploid sectors. The spikes 
on the C2 plants averaged 18 spikelets per spike and each 
spikelet had 11 florets (Figure 3). These spikes were rather 
infertile and they only produced a mean of 3,4 kernels per 
spike (range 0-12). 
Thinopyrum distichum crossed more readily with Th. 
junceiforme than with Th. elongatum (Table 1), but the ker-
nels were inviable and the embryos had to be rescued by the 
embryo-culture method. Five mature perennial plants all 
with 2n = 28 were obtained. They were not as vigorous as 
the Th. distichumlTh. elongatum hybrid and produced 
poorly developed spikes which were completely sterile. No 
fertile amphiploids could be obtained with colchicine treat-
ment. The reciprocal cross yielded some seed that con-
tained no viable embryos. 
The two Triticum durum cultivars 'Balcarceno Inta' and 
'Yavaros 79' crossed much more readily with Thinopyrum 
junceiforme (Table 1) than with Th. distichum. Again the 
hybrid embryos had to be rescued from the endospermless 
seeds. Nine hybrid plants, all 2n = 28, were obtained . 
These were completely sterile. The 'Yavaros 79'ITh. jun-
ceiforme hybrid produced fertile C1 sectors after colchicine 
treatment. Chromosome counts were obtained on eleven 
Cz seedlings; seven had 55 chromosomes, three had 56 
chromosomes and one had 57 chromosomes. These results 
were similar to those obtained with the T. durumlTh. dis-
tichum amphiploids (Pienaar i983). The 'Yavaros 79'ITh. 
junceiforme amphiploids with 2n = 56, on average had 14,8 
kernels per spike. They were thus more fertile than the T. 
durumlTh. distichum amphiploids which averaged 8,5 ker-
nels per spike. However, the latter amphiploids (Figure 1) 
were much larger and more vigorous than the 'Yavaros 79'1 
Th. junceiforme amphiploids, they back-crossed more 
readily with T. durum, and their back-cross progeny 
Table 1 Crossing results involving Thinopyrum distichum (2n = 28), Th. e/ongatum (2n = 14), Th. junceiforme (2n = 28), 
and Triticum turgidum var. group durum (2n = 28) 
Cross 
1. Th. distichurnlTh. elongaturn 
2. Th. distichurnlTh. junceiforrne 
3. Th. junceiforrnelTh. distich urn 
4. T. dururn cv. 'Balcarceno Inta'ITh. junceiforrne 
5. T. dururn cv. 'Yavaros 79'ITh. junceiforrne 
6. T. dururn (15 lines)ITh. distich urn 
7. Th. distichurnllT. dururn cv. 'Nordum'ITh. distich urn 
8. T. dururn cv. 'Calvin'ITh. distichurnllT. dururn cv. 'Calvin' 
9. T. dururn (22 lines)llT. dururn (2 cultivars)ITh. distichurn; 37 crosses 
10. T. dururnllT. dururnlTh. distichurnl31T. dururnlTh. elongaturn; 
36 crosses 
No. of 
pollinated 
florets 
66 
130 
84 
22 
84 
4 912 
60 
34 
1 554 
1 432 
No. of 
kernels set 
1 
51 
17 
6 
10 
9 
6 
15 
1 064 
525 
No. of No. of 
embryos successful Mature 
excised cultures plants 
(kernel was viable) 1 
39 9 5 
0 0 0 
6 3 3 
10 6 6 
9 7 5 
1 1 1 
(80% were viable) 1~ 
(69% were viable) 734 
(84% were viable) 441 
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(BC,Fa which are partial amphiploids, were more fertile 
than those of the 'Yavaros 79'ITh. junceiformell'Yavaros 
79' BC,F" viz. 15,6 kernels per spike against 4,7 kernels per 
spike, respectively. 
The single BC,F, plant (2n = 42) obtained by back-
crossing the 'Nordum'ITh. distichum amphiploid with 
Thinopyrum distichum as seed parent, was a vigorous per-
ennial that produced many sterile awnless spikes (Figure 
1). No seeds were set after pollinating this plant with both 
parents. 
The partial amphiploids with 2n = 42 obtained by back-
crossing the Triticum durumlThinopyrum distichum am-
phiploids (2n = 56) with T. durum produced awned spikes, 
unlike the tip-awned spikes of their amphiploid parents 
(Figure 1). The complete Th. distichum genomes must 
therefore be present to suppress awn formation in the 
hybrids . As seen in Table 1, cross no.lO, these partial 
amphiploids readily crossed with the T. durumlTh . 
elongatum amphiploids of Dr B.C. Jenkins, to produce 
vigorous F, progeny (Figure 2) that had good fertility. The 
latter F, plants produced a mean of 31,8 kernels per spike, 
and the F2 31 ,3 kernels per spike, due to a fairly normal 
meiosis (Figure 4) . 
The meiotic chromosome associations of the hybrids ob-
tained in the crosses listed in Table 1 are gi.ven in Table 2 
and compared with the results obtained previously with 
other hybrids. 
Nearly all the ring bivalents of the Thinopyrum dis-
tichumlTh. elongatum hybrid involved pairs of short 
chromosomes, and many of the trivalents consisted of one 
long and two short chromosomes. The short pairs were pro-
bably those of Th. distichum . 
The poorly developed spikes of the Thinopyrum 
S.-Afr. Tydskr. Plantk., 1988, 54(6) 
distichumlTh. junceiforme hybrids made it difficult to ob-
tain PMC's at metaphase I, but 50 cells could be analysed. 
Just as the J 1 and J2 genomes of Thinopyrum junceiforme 
rarely pair with each other in Th. junceiforme itself, they 
apparently fail to pair autosyndetically in the T. durumlTh. 
junceiforme amphiploid. Such synaptic pairing would result 
in quadrivalents, trivalents and univalents. The cytological 
preparations of the amphiploid did not permit scoring for 
quadrivalent and trivalent formation, but the frequency of 
univalents was rather low, with only 13 of the 100 PMC's 
scored having one or more. It probably has a fairly normal 
meIosIs. 
Discussion and Conclusions 
The genomes of a tribe are not discrete genetic entities, but 
form a continuum from complete homology to partial ho-
mology (i .e. homoeology) to non-homology , in keeping 
with the evolutionary divergence of the various taxa. Ac-
cording to the genomic system of classification the taxa with 
complete or nearly complete genomic homology are sub-
species of a species, or species of the same genus. All taxa 
which do not have the same genome or combination of ge-
nomes as the type species of a genus, belong to different 
genera . 
Rosenberg's (1909) meiotic investigation of a triploid 
Drosera hybrid is the basis of classical genomic analysis. 
Genomic analysis by the 'analyzer method ' (Kihara & Ni-
shiyama 1930; Lilienfeld 1951 ; Kihara 1982) has provided 
the most consistent recognition of genomic similarities in 
wheat and its relatives. 
In the Triticeae two genomes are defined as distinct if at 
least four pairs of their chromosomes have become so dif-
ferentiated that synapsis at meiosis is disturbed (resulting in 
Figure 1 Spikes, spikelets and kernels of (a) Triticum turgidum vaL group durum cv. 'Nordum' (2n = 28), (b) Thinopyrum distichum (2n = 28), 
(c) their F] hybrid (2n = 28), (d) their ~ amphiploid (2n = 56), and the partial amphiploids (e) and (f) (2n = 42) resulting from back-crossing the 
latter amphiploid with 'Nordum' and Th. distichum respectively. 
S. Afr. J. Bot., 1988,54(6) 
Figure 2 Spikes, spikelets and kernels of (a) the amphiploid (2n = 
42) of Triticum tur[?idum var. group durumlThinopyrum elon[?atum, 
(b) the T. durumllT. durumlTh. distichum BC1F1 or partial amphi-
ploid (2n = 42), (c) their complex F1 hybrid (2n = 42) T. durumlTh. 
distichumllT. duruml31T. durumlTh. elongatum, and (d) a fertile F2 
segregant (2n = 42) from the complex hybrid in (c). 
a reduction of chiasmata, and an increase in univalents and 
other meiotic abnormalities), whereas homologous distur-
bances of up to three pairs are tolerated as intragenomic 
(Kihara 1954, 1963, 1975; Love 1982). Meiotic pairing is 
not only influenced by environmental conditions, but is 
under genetic control that may differ between species and 
even between different biotypes of the same species, with 
the result that hybrids involving genomes that are equally 
closely related may have different frequencies of meiotic 
configurations. Care and some subjectivity is therefore re-
quired in deciding when related genomes are sufficiently 
different to warrant separate designations. 
Since 1978 Kimber and his co-workers developed nume-
rical methods for analyzing chromosome pairing data of 
meiosis in hybrids that brought some objectivity to genomic 
analysis and its use in establishing evolutionary relation-
ships. These methods were reviewed by Kimber (1983, 
1984a,b). Two variables are considered in assessing geno-
mic affinity; c, the mean arm-pairing frequency, and x, the 
relative affinity of the most closely related chromosomes. 
The value of c ranges from zero, indicating a total lack of 
synapsis in the PMC's, to one, in which case all chromo-
some arms are synapsed in every PMC. The value of x 
ranges from 0,5 when all chromosomes of a homoeologous 
group undergo synaptic cross-overs with each other with 
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Figure 3 Spikes of (a) Thinopyrum distichum, (b) Th. elongatum, 
(c) their F1 hybrid (2n = 21) Th . distichumlTh. elongatum, and (d) 
their C2 amphiploid (2n = 42) [scale next to (d) = 10 em]. 
4 
Figure 4 First meiotic metaphase in a pollen mother cell of the com-
plex hybrid T. durumlTh. distichumllT. duruml31T. durumlTh. 
elongatum (2n = 42; AABBJd (1/2) JC 1)' illustrated in Figure 2, with twelve 
ring bivalents, eight rod bivalents (two of which show anaphase I dis-
junction) and two univalents. 
equal ease, to one, when two or more genomes only under-
go synaptic cross-overs to the exclusion of all other pairing 
possibilities. 
As mentioned above, analysis of two Thinopyrum bessa-
rabicumlTh. elongatum hybrids (hybrid 1 in Table 2) led 
Wang (1985) to conclude that the two parental species have 
similar, but non-identical genomes, 1 and 1e respectively. 
On the basis of karyotype analysis and electrophoretic in-
vestigations of seed proteins, Moustakas & Coucoli (1982) 
and Moustakas et ai. (1986) were of the opinion that the 1 
genome of Th. bessarabicum is identical to one of the two 
genomes of Th. junceiforme and designated it 1 \. Pre-
viously the two genomes of Th. junceiforme were sym-
bolized 11 and 12 by Ostergren (1940a) on the grounds of 
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Table 2 Mean chromosome associations and ranges at metaphase I of meiosis in PMC's of the hybrids involving 
Thinopyrum bessarabicum (2n = 14), Th. elongatum (2n = 14), Th. curvifolium (2n = 28), Th. distichum (2n = 28), Th. 
;unceiforme (2n = 28), Th. scirpeum (2n = 28) and Triticum durum (2n = 28) 
Mean arm 
2n and No. of 
pairing 
--------- ----------- Chiasmata! frequency 
Bivalents Multivalents** 
Pedigree of hybrid genomes PMC's Univalents Rod Ring Total lIT oIV rIV V+ PMC (c) 
1. * Th. bessarabicuml 
Th. elongatum 
2. * Th. junceiformel 
Th. elongatum 
3. * Th. curvifoliuml 
Th. bessarabicum 
4. * Th. scirpeuml 
Th. bessarabicum 
5. * Th. scirpeuml 
Th. elongatum 
6. Th. distichuml 
Th. elongatum 
7* Th. scirpeum 
8. * Th. elongatum , 
autotetraploid 
9. * Th. scirpeuml 
Th . elongatum 4x 
10. Th. distichuml 
Th. junceiforme 
11 . * Th. junceiformel 
Th. curvifolium 
12. T. durum cv. 'Yavaros 
79'ITh. junceiforme 
13. * T. durum cv . 'Rivet's 
Bearded'ITh. juncei-
forme 
21 
J I121e l 
21 
J,Jc ,Jc2 
21 
J[J",Je2 
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100 
28 
36 
21 100 
Je ,Jc ,J"2 
21 50 
Jd ,Jd21c ] 
28 50 
Je ,J" [Jc 2Jc2 
28 50 
28 10 
50 
28 14 
28 50 
50 
14. * T. durum cv. 'Nordum'l 28 200 
Th. distich urn ABJd ,Jd2 
15. * Th. distichumllT. 
durum cv. 42 100 
'Nordum'l Th . disti- ABJd,Jd[Jd2Jd2 
chum 
16* T. durum cv. 'Cal-
vin 'ITh. distich urn 42 100 
II'Calvin ' AABBJd[Jd2 
17. * T. durumlTh. elonga-
tuml31T. duruml 
Th. distichumllT. 
durum 
42 300 
AABBlc ]ld(ll2 ) 
2,68 
(~12) 
3,40 
(~7) 
3,71 
(1-8) 
5,14 
(2-7) 
4,01 
(1-7) 
2,92 
(H) 
0,04 
(~2) 
1,82 
(~8) 
1,00 
(~2) 
5,0 
(1-8) 
3,00 
(1--{) 
14,42 
(8--24) 
18,40 
(14-28) 
14,12 
(6--26) 
14,09 
(11-18) 
3,18 
(~) 
6,06 
(~22) 
3,24 1,43 4,68 0,27 0,20 0,07 0,Q1 
(~7) (~5) (~2) (~2) (~1) (~1) 
4,50 2,76 0,08 0,00 0,00 
(~9) (~7) (~1) 
2,29 1,82 4,11 2,64 0,29 0,00 0 ,00 
(~5) (~5) (1-7) (~5) (~I) 
1,36 3,86 5,22 1,47 0,11 0,00 0,11 
(~) (l--{) (2-9) (~5) (~2) 
1,44 2,73 4 ,17 2,83 
(~5) (0--{) (1-8) (0--{) 
1,58 2,78 4,36 2,96 
(~) (0--{) (~8) (~7) 
0,70 13 ,16 13,86 
(~) (1~14) (12-14) 
3,55 4,75 8,30 0,94 
(~1O) (~12) (2-14) (~3) 
1,80 6, 10 7,9 
(~3) (5-9) (6--10) 
0 ,04 
(~1) 
0,12 
(~I) 
0,06 
(~1) 
1,69 
(~5) 
2,80 
(2-4) 
13,05 
(9-16) 
13 ,20 
(11-19) 
27 ,26 
(24-28) 
20,41 
(15- 26) 
23 ,80 
(22-26) 
2,98 3,58 6,56 1,7 0,88 0,22 18,58 
(1-7) (1-7) (4-11) (0--{) (~3) (~2) (14-20) 
1,07 1,57 2,64 1,36 1,79 1,14 0,79 
(~3) (~3) (~5) (~3) (~3) (~2) (~2) 
6,16 
(1-10) 
0,28 
(~2) 
6,44 
(1-10) 
4,80 
(~7) 
0,22 
(~2) 
3,55 1,26 4 ,81 0,38 
(~7) (~) (1-9) (~2) 
1,73 
(~5) 
10,4 
(5-14) 
12,13 0,26 
(8--15) (~2) 
0,75 
(~2) 
0,3 
(~2) 
0,39 
(~3) 
0,Q2 
(~1) 
0,Q2 
(~1) 
4,42 14,40 18,82 0,12 0 ,19 0,00 0,00 
(~1O) (1~18) (16--21) (~1) (~1) 
4,79 
(~12) 
12,14 16 ,94 
(5-18) (1~21) 
0,37 
(~3) 
0,21 
(~2) 
0,02 
(~1) 
0,003 
(~1) 
9,70 
(1-14) 
30,47 
(26--35) 
34,35 
(28--39) 
30,87 
(18-48) 
* (1) Wang (1985); (2) Cauderon & Saigne (1961) ; (3) & (4) McGuire (1984) ; (5) , (7) , (8) & (9) Charpentier et al. (1986) ; 
(11) McGuire (1984); (13) Ostergren (1940b) ; (14) to (17) Pienaar (1983) 
** olV = open or chain quadrivalents; rIV = ring quadrivalents 
0,932 
0,916 
0,729 
0,850 
0,624 
their autosyndetic pairing in a Th. junceiforme! Elytrigia re-
pens hybrid. Cauderon & Saigne (1961) and Heneen (1963) 
supported the findings of Ostergren and concluded that Th. 
junceiforme and E. repens have no genomes in common. 
Kihara (1936) and Lacadena & Ramos (1968) found that 
the homoeologous chromosomes of the A and B genomes 
rarely undergo synapsis in dihaploid Triticum durum. This 
is due to the PhI gene in wheat which has been shown to 
inhibit homoeologous pairing (see review of Sears 1976). 
Therefore, the observation in the two T. durumlThino-
pyrum junceiforme Fl hybrids (hybrids 12 and 13 in Table 2) 
that their PMC's averaged 6,44Il and 4,8011 respectively 
(confirming the high incidence of autosyndesis between the 
1 I and 12 genomes of Th. junceiforme in the presence of the 
PhI gene of wheat) , indicates that Th. junceiforme is a near-
autotetraploid or segmental allotetraploid. 
In the triploid hybrid, Thinopyrum junceiformelTh . 
elongatum of Cauderon & Saigne (1961) , the two genomes 
of Th. junceiforme paired autosyndetically, as well as allo-
syndetically with the Th. elongatum genome to produce a 
maximum of 71I1 per PMC and means of 2,76III ; 4,5011 and 
3,401 per PMC (hybrid 2 in Table 2). If the three sets were 
identical , the chromosomes all metacentric, and one 
chiasma always present in each synapsed arm, the PMC's 
would have averaged 4,67 II1 ; 2,33Il and 2,331 (deduced from 
expanding the binomial equation (p + q)7 , where p , the 
probability of cross-overs between three synapsed homo-
logues, is 2/3). However, some Thinopyrum chromosomes 
are submetacentric to acrocentric and/or shorter than the 
rest (Hsiao et al. 1986). This reduces the chance for triva-
lent formation and increases the means of the bivalents and 
univalents per PMC. According to the autotriploid pairing 
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models developed by Alonso & Kimber (1981) and Jackson 
& Casey (1982), the expected meiotic configurations are 
3,01; 2,91 11 and 4,06111 per PMC (with approximately 14 
chiasmata). When these figures and those from the meiotic 
analysis of Dewey & Pendse (1967) on autotriploid Agro-
pyron cristatum (which averaged 4,431; 4,43 11 and 2,57111 per 
PMC) are compared with the meiotic observations of Cau-
deron & Saigne (op . cit.) , it can be concurred with Dewey 
(1984) that the J I and J2 genomes of Th. junceiforme and 
the Je 1 genome of Th. elongatum are very similar to each 
other. 
From the above observations it can be concluded that the 
genomes of the two diploid species, Thinopyrum bessara-
bicum and Th. elongatum, are not only similar to each 
other, but also similar to the two nearly identical genomes 
of the segmental allotetraploid , Th. junceiforme. The latter 
species probably arose as an autotetraploid, but subse-
quently its two genomes underwent some differentiation or 
diploidization (Cauderon 1958; Charpentier et al. 1986) . 
When the mean meiotic chromosome associations of the 
four other triploid hybrids in Table 2 (hybrids 3 to 6) are 
compared with the above observations and with each other, 
it is again evident that the genomes of the two diploid 
species, Thinopyrum bessarabicum and Th. elongatum, re-
semble the genomes crf the tetraploid species, Th. curvi-
folium, Th . distichum and Th. scirpeum, and therefore 
each other. A comparison of the meiotic observations of 
McGuire (1984) on the triploid hybrids Th. curvifoliuml 
Th. bessarabicum and Th. scirpeumlTh . bessarabicum , 
shows that the J 1 genome of Th. curvifolium is more 
closely related to the genomes of Th. curvifolium than to 
those of Th. scirpeum. According to McGuire (1984) at 
least one translocation differentiates two of the three ge-
nomes in the former hybrid (hybrid 3 in Table 2) as eviden-
ced by a single quadrivalent in some PMC's. Furthermore , 
although the synaptic configurations in the PMC's of the 
Th. junceiformelTh. curvifolium tetraploid hybrid (hybrid 
11 in Table2) of McGuire (1984) clearly indicates the close-
ness of the four genomes, the frequencies of the different 
meiotic configurations are unlike those of the Th. 
elongatum autotetraploid (no. 8 in Table 2) and the Th . 
scirpeumlTh. elongatum (4x) tetraploid hybrid (hybrid 9 in 
Table 2) of Charpentier et al. (1986) . These observations 
imply that Th. curvifolium possesses J genomes not quite 
similar to the J I and J2 genomes of Th. junceiforme, and are 
here designated JCI and JC2 to conform with the genome 
symbols of Ostergren (1940a). 
A comparison of the Thinopyrum scirpeumlTh. bessara-
bicum triploid hybrid of McGuire (1984) with the Th. scir-
peumlTh. elongatum triploid hybrid of Charpentier et al. 
(1986), i.e. hybrids 4 and 5 in Table 2, reveals that the Je 
genome of Th. elongatum has a much stronger affinity for 
the Th . scirpeum genomes than the J I genome of Th. bessa-
rabicum has. A mean of 2,83111 per PMC, a c value of 0,93 
and more than 13 chiasmata per cell out of a possible 14 for 
the Th. scirpeumlTh. elongatum hybrid, suggests that its 
three genomes are homologous. However, according to 
Charpentier et al. (1986), Dr. Kimber's optimization analy-
sis of their data showed that the triploid hybrid fit the 2: 1 
model , whereas its tetraploid parent fit the 2:2 model. They 
ascribed these findings to substantial diploidization in Th. 
scirpeum. After a comparison of the chromosome morpho-
logy of what were then believed to be diploid and tetraploid 
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cytotypes of Agropyron elongatum (= Th. elongatum) , 
Heneen & Runemark (1972) decided that the tetraploid 
cytotype (= Th. scirpeum) is a natural autotetraploid. 
Charpentier et al. (1986) reported that the gross morpho-
logy and ecological requirements of these diploids and 
tetraploids were similar. They furthermore concluded that 
the complete synapsis in the FI hybrid (hybrid 9 in Table 2) 
between their induced Th. elongatum autotetraploid and 
Th. scirpeum (which they believed was a natural Th. 
elongatum tetraploid) confirmed the autopolyploid nature 
of Th. scirpeum. Their observation that 711 were usually 
formed in the PMC's of FI hybrids between Triticum 
aestivum (carrying the PhI gene, which suppresses homo-
eologous pairing) and Th. scirpeum , also indicated that the 
genomes of the latter species are homologous. A low fre-
quency of quadrivalents in the triploid hybrids between Th. 
scirpeum and Th. elongatum points to a small translocation 
difference between two of the three genomes. On these 
grounds it can be deduced that Th. elongatum and Th. 
scirpeum have one genome, here designated Jel , in 
common , and that the second genome of Th. scirpeum, 
here designated Je 2> is only slightly different from Je l ' The 
genetic pairing control system that probably determines bi-
valentization (diploidization) in Th. scirpeum (Charpentier 
et al. 1986), does not appear to influence the homology of 
the Je I and Je 2 genomes. 
This information made it possible to assess the geno-
mic affinities of Thinopyrum distichum with greater confi-
dence. As mentioned above, Pienaar (1983) found much 
autosyndetic pairing between the two genomes of Th. dis-
tichum in the Triticum durumlTh. distichum hybrid (hybrid 
14 in Table 2) , and in the fertile partial amphiploid (hybrid 
15 in Table 2) resulting from back-crossing the latter 
hybrid 's amphiploid with T. durum. Similar observations 
were made by Pienaar (1981 , 1983) in the Triticum aesti-
vumlTh. distichum hybrid and the T. aestivumlTh. disti-
chumllT. aestivum partial amphiploid . As in the T. aesti-
vumlTh. scirpeum hybrid of Charpentier et al. (1986) and 
the T. aestivumlTh. scirpeumllT. aestivum partial amphi-
ploid of Sharma et al. (1987) that produced bivalents due to 
autosyndesis between the Th. scirpeum genomes, the PhI 
gene of wheat did not prevent the genomes of Th. dis-
tichum from pairing autosyndetically. This resulted in good 
fertility of the partial amphiploids. After deducting the ex-
pected meiotic configurations of the wheat genomes in the 
hybrids , the mean meiotic configurations per PMC involv-
ing the two Th. distichum genomes were 0,121; 4,81 II; O,38lIl 
and 0,751V in the T. durumlTh. distichum tetraploid hybrid; 
2,781; 4,65 11 ; O,4411I and 0,151V in the T. aestivumlTh. dis-
tichum pentaploid hybrid of Pienaar (1981) ; and 3,181; 
4,8211 ; 0 ,12111 and O,191V in the T. durumlTh. distichumllT. 
durum partial amphiploid (2n = 6x = 42) ofPienaar (1983). 
As the number of wheat genomes, and therefore the 
number of genes that control homologous pairing in the 
hybrids increased, the number of Th. distichum mul-
tivalents decreased, and the univalents increased. How-
ever, the mean frequency of bivalents per PMC was always 
at least 4,65 . In terms of the genome definition given above, 
the two Th. distichum genomes are not distinct, but vari-
ants of the same genome. Dr Kimber's analysis of the Fl 
meiotic data also indicated that there are two similar ge-
nomes in Th. distichum which are distinct from the wheat 
genomes. Consequently Th. distichum should be regarded 
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as a segmental allotetraploid like Th. funceiforme. Its two 
genomes, designated Ed 1 and Ed2 by Pienaar (1983) [at that 
time Thinopyrum distichum was classified in the genus 
Elytrigia sensu Tzvelev (1973, 1976) which was said to pos-
sess the E genome (Dvorak 1981; McGuire 1984)], appear 
less similar to each other than the J 1 and J2 genomes of the 
latter species were shown to be (compare hybrids 12 and 14 
in Table 2). A karyotypic analysis in Th. distichum by Pie-
naar (1981) furthermore showed that it can not be an auto-
tetraploid since the two genomes are morphologically dis-
tinguishable. 
The Th. distichumllT. durumlTh . distichum BC 1F 1, or 
partial amphiploid with 2n = 42 (hybrid 15 in Table 2), was 
completely sterile due to the inability of the A genome to 
synapse homoeologously with the B genome, as in the T. 
durum dihaploid of Lacadena & Ramos (1968). The mean 
of 14,09 univalents in the PMC's of this partial amphiploid 
demonstrates that the Th. distichum genomes do not in-
duce homoeologous pairing between the A and B genome. 
However, the mean of 12,9311 and 0,99 multivalents in its 
PMC's due to homologous and autosyndetic associations 
between the two pairs of Th. distichum genomes, is con-
sistent with the latter species being a segmental allo-
tetraploid. 
The question, whether the southern hemisphere species, 
Th. distichum, has any genomic affinity with the Thino-
pyrum species of the northern hemisphere, was only re-
solved when Th. distichum was successfully crossed with 
Th. elongatum and Th. funceiforme (producing hybrids 6 
and 10 in Table 2) . The substantial autosyndesis between 
the two Th. distichum genomes in the presence of the wheat 
genomes was again evident in the latter hybrids, but they 
also synapsed with the Th. elongatum and Th. funceiforme 
genomes. The Th. distichumlTh. elongatum triploid hybrid 
in fact averaged 2,96'; 4,3611 ; 2,96'" and 0,12'Y per PMC. 
The trivalent frequency was more than half the frequency 
of the 4,67'11 per PMC that would be expected if the two 
genomes of Th. distichum and the Je, genome of Th. elong-
atum were completely homologous (see discussion above). 
The observed trivalent frequency therefore indicates sub-
stantial homology between the genomes of Th. distichum 
and Th. elongatum. Dr Kimber's optimization analysis of 
the data showed that the 2: 1 model gave as good a fit for this 
hybrid as it did for the Th. scirpeumlTh. elongatum hybrid 
of Charpentier et al. (1986). Since Th. elongatum and Th. 
scirpeum differ morphologically, geographically and eco-
logically from Th. distichum, the 2: 1 fit implies that the two 
genomes in the triploid hybrid bearing the strongest gen-
omic relationship to each other, are the two Th. distichum 
genomes. The high chiasma frequency (13,20) and c value 
(0,916), as well as relatively low value of x (0,638) in this 
hybrid, all indicate that the Th. distichum genomes are 
nearly as closely related to the Je, genome as the genomes of 
Th. scirpeum and Th. junceiforme are (even though Th. 
elongatum and Th. scirpeum taxonomically belong to a dif-
ferent section of the genus Thinopyrum than Th. distichum 
and Th. junceiforme do). The two Th. distichum genomes 
should therefore be regarded as variants of the basic J 
genome, and for the reasons outlined above, it is recom-
mended that their designations be changed from Ed 1 and 
Ed2 to Jd1 and Jd2 . 
The Triticum durumlThinopyrum distichumllT. durum 
partial amphiploid (hybrid 16 in Table 2), when crossed 
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with the T. durumlTh. elongatum amphiploid of Jenkins & 
Mochizuki (1957), gave rise to the complex hybrid listed in 
Table 2 as hybrid 17. When the above genomic designations 
are applied, the genomic constitution of this hybrid is 
AABBJd(1/2)Jc 1 [the Jd(1/2) genome partly consists of Jd 1 and 
Jd2 genome chromosomes, i.e. it is a reconstructed 
genome]. Pienaar (1983) found that the meiosis in many 
PMC's of this hybrid was fairly normal (Figure 4) and on 
average had 2,9411 and 0,6 multivalents per PMC in excess 
of the 14" produced by the A and B genome pairs. The 
additional bivalents and multivalents were produced by 
synapsis between the Jd (1 /2 ) and JC 1 genomes in the presence 
of the homozygous PhI locus. This again points to a strong 
homology between the genomes of Th. distichum and Th. 
elongatum. The finding that the T. durumlTh. distichumll 
T. duruml31T. durumlTh. elongatum complex hybrid and 
their derivatives were fertile (Figure 2), supports the con-
clusion that the Jd 1 ,Jd2 and JC 1 genomes are genetically sim-
ilar. The Jd (1 /2 ) and Je 1 genomes were therefore able to gene-
rate new, balanced, reconstructed J(d/e ) genomes at the 
polyploid level. This is a demonstration of the feasibility of 
the pivotal genome concept of Zohary & Feldman (1962). 
The Th. distichumlTh. junceiforme tetraploid hybrid 
(hybrid 10 in Table 2) flowered late in the season and pro-
duced poorly developed spikes. The 50 analysable PMC's 
averaged 6,5 11 which is less than the expected 11,25 11 (i .e. 
the combined frequency of 6,4411 produced by autosyndesis 
of the J 1 and J2 genomes in hybrid 12 in Table 2, and the 
4,81 11 produced by the Jd 1 and Jd2 genomes in hybrid 14 in 
Table 2). On the other hand, the high average of 2,8 multi-
valents per PMC which ranged up to 6 in the Th. distichuml 
Th. junceiforme hybrid, is indicative of substantial homo-
logy between the Th. distichum and Th. junceiforme ge-
nomes. Dr Kimber's calculations revealed that the 2: 1: 1 
model gave the best fit of the data . This is in agreement with 
the inference above that the affinity between the J 1 and J2 
genomes are stronger than between the Jd 1 and Jd2 genomes. 
The x values of 0,648 and 0,857 for the Th. distichumlTh. 
elongatum and Th . distichumlTh. junceiforme hybrids re-
spectively, indicate that the Th. distichum genomes are 
more closely related to the Th. elongatum genome than to 
the Th. junceiforme genomes. The higher c value in the Th. 
distichumlTh. elongatum hybrid likewise shows that the 
genomes in this hybrid have a greater affinity for each other 
than ' the genomes in the Th. distichumlTh. junceiforme 
hybrid have. This could account for the viability of the Fl 
seed that gave rise to the former hybrid, whereas the endo-
sperm of the F1 seeds resulting from the latter cross did not 
develop, and the embryos had to be rescued. 
In summary, we concur with Dewey (1984) that on cyto-
genetic grounds Thinopyrum bessarabicum, Th. elonga-
tum, Th. curvifolium, Th. distichum, Th. junceiforme and 
Th. scirpeum are related species of the same genus . We also 
concur with Dvorak (1981), Dewey (1984), McGuire 
(1984), Wang (1985), Charpentier et al. (1986) and Mou-
stakas et al. (1986) that the species mentioned above have 
modified versions of the same basic genome, and agree 
with Dewey, Wang and Moustakas et al. (op. cit.) that this 
genome be designated J after Ostergren (1940a). The two 
intrageneric hybrids involving Th. distichum (hybrids 6 and 
10 in Table 1) provided good cytological evidence linking 
their two genomes to the J genome. Th. scirpeum is prob-
ably a near autotetraploid and Th. distichum a segmental 
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allotetraploid, whereas Th. curvifolium and Th. junceiforme 
have an intermediate type of ploidy. The two genomes of 
Th. distichum, designated Jd l and Jd2 appear to be more 
closely related to the Je l genome of Th. elongatum than to 
the J I and J2 genomes of Th. junceiforme. At the polyploid 
level new recombined genomes can be generated from the 
J], J2 , JCI> JC2 , Jd J , Jd2 , Je l and Je2 genomes of the above 
species by applying the pivotal genome concept of Zohary 
& Feldman (1962), as was demonstrated feasible by Pie-
naar (1983) and depicted in Figure 2. These new polyploids 
may be useful in themselves, or in gene transfer pro-
grammes to wheat, such as those outlined by Sears (1981, 
1983, 1984), Kimber (1983, 1984a,b) and Riley & Law 
(1984). 
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